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P14101 

Semi-allogenic anti-tumour vaccine with HLA haplo-identical antigen-presenting cells 

The present invention relates to semi-allogeneic antigen- 
presenting cells into which proteins and/or peptides or RNA 
or DNA or cDNA encoding said proteins and/or peptides which 
are overexpressed in tumor cells or which are derived from 
tumor cells have been introduced. Furthermore the invention 
relates to methods for the generation of these semi- 
allogeneic antigen-presenting cells as well as to the use 
thereof in the treatment of tumor diseases. 

Three recent developments suggest that cell-mediated immune 
reactions may result in a significant reduction in tumor load 
and in a similarly significant prolongation of the survival 
time of the patients in the case of tumor diseases such as 
for example a metastatic renal cell carcinoma (mRCC) . 
Clinical data have already demonstrated a success in the case 
of mRCC but it is also contemplated to transfer the same 
principles to other tumors. In the following, three 
developments will be described which form the basis of the 
approach according to the invention. 

I. Allogeneic bone marrow transplantation for the treatment 
of metastatic renal cell carcinoma 

Renal cell carcinoma patients subjected to allogeneic bone 
marrow transplantation may achieve a complete or partial 
remission in 53% of the cases (1) . The life expectancy may be 
significantly increased from several months to several years. 
While important tumor loads may be eliminated, S3% of the 
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patients develop a graf t-versus-host disease (GVDH) 
accompanied by a GVDH-associated mortality of 5%. 

The mechanism of tumor regression presumably is comparable to 
that associated with the elimination of hematological 
malignomas following allogeneic bone marrow transplantation 
(BMT) (2) . Activated T lymphocytes recognize ligands 
consisting of peptides derived from a protein expressed in 
tumor cells and MHC molecules (both of the class I and the 
class II type) . The MHC proteins are classified into three 
groups two of which, namely the MHC class I and class II 
proteins, are of particular importance in the present 
invention. In humans the MHC class I proteins are referred to 
as HLA-A, -B, -C. They are expressed on the surface of almost 
any body cell and represent strong transplantation antigens 
showing a high degree of polymorphism. The MHC class II 
proteins in humans are H LA-DP, -DQ, -DR and are for example 
expressed on dendritic cells and stimulated macrophages and 
also represent highly polymorphic transplantation antigens. 

Ligand recognition activates effector functions (for example 
cytokine secretion and cytotoxicity) in various T cells 
whereby a destruction of tumor cells is effected. The 
parallel activation of T cells which recognize ligands 
composed of MHC and non-tumor associated peptides (i.e. 
alloreactions) may contribute to an optimal immune reaction 
by the secretion of inflammatory cytokines which themselves 
promote the anti-tumor reaction. However, the reactions of 
these cells also play a role in GVHD. 
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II. Hybrid vaccines using autologous tumor cells and 
allogeneic dendritic cells (DC) 

Kugler et al . (3, 4) have shown that mRCC patients may be 
"vaccinated" by hybrid vaccines consisting of fused 
allogeneic dendritic cells and autologous tumor cells of non- 
related individuals. Following the "vaccination" the patients 
show a marked reduction in tumor load. Fewer patients achieve 
a complete remission as compared to approach I, and an 
increased life expectancy has not been observed so far. In 
contrast to the treatment in approach I, however, the hybrid 
vaccine approach shows no or only a slight toxicity. After 
the termination of the vaccination some tumor patients 
suffered from a relapse presumably due to a lack of 
sustenance of long-term T cell reactions. It may be possible 
to overcome this problem by a continuous vaccination, 
however, the vaccination is limited by the availability of 
tumor cells serving as fusion partners for the allogeneic 
dendritic cells. Thus it is impossible to continue the 
treatment if the tumor cells are declining. 

III. RNA obtained from tumor cells for the generation of 
vaccines on the basis of autologous DCs 

Gilboa and coworkers (5-8) have developed a strategy for 
priming autologous DCs with autologous RNA prepared from 
tumor cells which can be incorporated by DCs, translated into 
a protein and processed into peptides for presentation with 
autologous MHC class I and class II molecules. To provide an 
unlimited source of material for DC pulsing, RNA from tumor 
cells is transcribed back into cDNA which then serves as a 
template for in vitro transcription of further RNA. A PCR 
amplification enables the generation of material in unlimited 
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amounts. The expression of RNA obtained from tumor cells in 
autologous DCs enables the expression on the surface of DCs 
of MHC-peptide ligands corresponding to those expressed on 
the tumor cell surface. The co-stimulatory molecules of the 
DC and the cytokines that it produces enable an optimal 
stimulation of T cell reactions. These vaccines show only a 
slight toxicity, however, no remission comparable to those of 
I and II has been published to date. This may be attributable 
to a lack in alloresponsive cells which are not activated in 
an autologous system. 

In summary it may be concluded that the conventional therapy 
approaches suffer from substantial disadvantages preventing a 
long-term therapeutic success or entraining severe 
undesirable effects . 

Thus, as already described above, approach I suffers from the 
risk of GVHD development occurring in 53% of cases and 
partially associated with a lethal outcome. 

The approach described under II (Kugler et al . ) has the 
disadvantage that viable tumor cells of the patient are 
required to provide the MHC-peptide ligands and the approach 
thus is strongly limited in its application period. 

Although the therapy according to Gilboa and coworkers shows 
only a slight toxicity, no remarkable tumor remission has 
been published so far. 

Therefore it is an object of the present invention to provide 
antigen-presenting cells avoiding the disadvantages cited 
above which thus are useful in the therapy of tumor diseases. 
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This object has been achieved by the features described in 
the independent claims. Preferred embodiments are mentioned 
in the dependent claims. 

By using semi-allogeneic antigen-presenting cells into which 
have been introduced the proteins and/or peptides or RNA or 
DNA or cDNA, respectively, encoding said proteins and/or 
peptides which are overexpressed in tumor cells or are 
derived from autologous tumor cells or from several different 
tumor cell lines an immune reaction may be achieved which is 
advantageous for the treatment of tumor diseases. 

Different from the approach of Kugler et al. the method 
according to the invention for the generation of these semi- 
allogeneic antigen-presenting cells has the advantage that 
electro fusion is not necessary. The function of the antigen- 
presenting cells thus is not disturbed by electrof usion . An 
electrof usion can be avoided because transf ection, for 
example with RNA, utilizes the natural capability of antigen- 
presenting cells to incorporate such molecules. 

The strategy according to the invention, i.e. the use of a 
semi-allogeneic vaccine provides a higher presentation 
efficiency of the ligands consisting of MHC and tumor- 
associated peptide. Only about 10% of hybrid cells are 
generated by the approach of Kugler et al . while according to 
the invention a clearly higher percentage of antigen- 
presenting cells expressing the peptide ligand can be 
generated. 

In this respect the approach used according to a preferred 
embodiment for an (unlimited) generation of tumor-associated 
RNA is particularly advantageous by which e.g. RNA derived 
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from autologous tumor cells is reverse transcribed, the cDNA 
is amplified by means of PCR and subsequently the cDNA is 
transcribed into RNA. 

This approach according to the invention has the advantage 
that already minor amounts of tumor cells can provide 
sufficient RNA to form an unlimited source of cDNA for in 
vitro RNA transcription. By pulsing on the basis of RNA it is 
thus possible to avoid the disadvantages accompanied by a 
limited amount of tumor cells. Long-term possibilities to 
perform vaccinations improve the reaction rates and the long- 
term prevalence thereof as compared to for example the 
approach according to Kugler et al . 

MHC molecules of semi-allogeneic antigen-presenting cells 
which do not correspond to the MHC molecules of the patients 
provide a stimulus for alloreactions . Thus, by using semi- 
allogeneic antigen-presenting cells an enhanced immune 
reaction is provoked in comparison to the use of autologous 
cells. Nevertheless the toxicity of the vaccine according to 
the invention is much lower than that of the approaches 
described so far. 

The use of semi-allogeneic dendritic cells according to the 
invention thus provides the necessary MHC matching according 
to the approach of Gilboa et al . while avoiding the 
disadvantage accompanying the use of autologous dendritic 
cells that the function of autologous dendritic cells is weak 
and often associated with an advanced disease of cancer 
patients . 

According to the invention, antigen-presenting cells are 
prepared from individuals which are semi-allogeneic with 
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specific for tumor cells and having a higher expression or 
markedly higher expression, respectively, in tumor cells as 
compared to normal cells. Preferably, such tumor-defined 
antigens are selected from oncogenes, for example HER2/neu, 
proteins providing a growth advantage to the tumor and/or 
ensuring its survival, e.g. PSMA, cell cycle regulatory 
proteins, transcription factors, e.g. WT-1, mucins, 
preferably MUC-1, proteins involved in the regulation of cell 
division, preferably telomerase. It should be understood that 
the proteins, peptides, RNA, DNA, cDNA, and cRNA mentioned 
herein can also be prepared and used in a recombinant manner. 

As a result the antigen-presenting cells present a ligand 
consisting of MHC and tumor-associated peptide which is 
recognized by T cells and thus induces an immune reaction 
directed against the autologous tumor. 

According to a preferred embodiment the use of antigen- 
presenting cells of two different semi-allogeneic donors 
(i.e. for example mother and father) is provided so that the 
MHCs presented by the semi-allogeneic DCs comprise all 
potential MHC class I and class II molecules of the patient. 
The second chromosome of each donor additionally encodes 
allogeneic MHC molecules which may serve to induce 
al lor eact ions . 

In order to provide MHC class I and class II peptide ligands 
corresponding to those of the patient's tumor cells the 
already known strategy according to Gilboa and coworkers is 
used to provide an unlimited source of tumor-derived RNA for 
the pulsing of antigen-presenting cells. An equivalent 
possibility is to pulse the semi-allogeneic antigen- 



presenting cells with other sources of antigen, for example 
peptides and proteins (9) . 

According to one embodiment of the invention the proteins 
and/or peptides or RNA or DNA, cDNA, or cRNA, respectively, 
encoding said proteins and/or peptides overexpressed in tumor 
cells or derived from autologous tumor cells are derived from 
tumor cells, preferably autologous tumor cells or are 
overexpressed in said tumor cells, respectively, wherein the 
tumor cells comprise: cells of mesenchymal tumors, e.g. cells 
of sarcomas, carcinomas, preferably ovarian, mammary and 
renal cell carcinomas, tumor cells of the hematopoietic 
system, preferably cells of leukemias and lymphomas, cells of 
epithelial tumors, cells of ectodermal tumors, e.g. 
melanomas, and cells of embryonic tumors from 

undifferentiated tissue, preferably blastomas and teratomas. 
A particular example for the renal cell carcinomas which is 
examined in more detail herein is the metastatic renal cell 
carcinoma. The semi-allogeneic antigen-presenting cells 
according to the invention may then be used in the treatment 
of the tumors. 

As already mentioned above the RNA from autologous tumor 
cells intended for the incorporation into the antigen- 
presenting cells may be reverse transcribed into cDNA for 
infinite amplification, the cDNA may be amplified by means of 
PGR, and the cDNA may be then transcribed into RNA. 

The administration of the antigen-presenting cells according 
to the invention is carried out by the intravenous, 
subcutaneous or intramuscular routes wherein subcutaneous 
injection is preferred. 



For the use in the present invention all types of antigen- 
presenting cells may be used. These particularly include 
monocytes/macrophages and dendritic cells of which the latter 
are preferred. 

Another aspect of the present invention is that instead of 
components of autologous tumor cells there is used a pool of 
components of several different tumor cell lines which is 
introduced into the semi-allogeneic antigen-presenting cells. 
These may then be used as vaccines in tumor treatment. To 
generate such a "generic" vaccine it is advantageous to 
prepare for example a pool of cDNA as described above of 3-5 
different RCCs which may then be used for all patients. 
Namely, it can be assumed that most of the tumor-specific T 
cells primed against such pool-pulsed antigen-presenting 
cells can recognize autologous tumor cells due to the fact 
that they have peptide-MHC ligands in common. This means that 
it is sufficient to generate a single product (i.e. a generic 
cDNA and the corresponding cRNA transcribed in vitro) under 
GMP conditions (GMP = Good Manufacturing Practice) . 
Afterwards it will be required to prepare only the semi- 
allogeneic dendritic cells for each patient who is to be 
treated by the vaccine therapy according to the invention 
under GMP conditions. 

Eventually, the present invention comprises a pharmaceutical 
composition containing semi-allogeneic antigen-presenting 
cells described above wherein said composition preferably is 
in the form of a vaccine. 



The Figures show: 
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Fig. 1 the principle of the generation of an allogeneic 

tumor vaccine according to Kugler et al. wherein an 
autologous tumor cell and an allogeneic dendritic 
cell of non-related individuals are fused; 

Fig. 2 the approach according to the invention wherein a 
semi-allogeneic vaccine is generated by using HLA- 
haploidentical antigen-presenting cells . 

The haplospecif ic vaccines present the following features: 
ligands consisting of MHC and TAA (tumor associated 
antigen) peptide for half of the patient alleles; 
all alleles may be matched by means of two 
haploidentical DC preparations; 

HLA mismatched MHC-peptide ligands for stimulation of 
alloreactions and T helper cells; 

costimulatory molecules and cytokines derived from DCs 
for an optimal promotion of the immune reactions 
(represented as "Y" in the Figure) . 

In the following the basic principles of the invention as 
well as test models serving for the illustration thereof will 
be described in more detail using dendritic cells as an 
example . 

Two model systems will be used to establish the principles of 
this approach. The first uses a well characterized set of 
reagents from a melanoma model and the second uses a set of 
reagents from a renal cell carcinoma model. The melanoma 
model has the advantage that the epitope (MHC-peptide ligand) 
seen by the T cell receptor (TCR) of the test clone (Tyr-F8) 
has been defined; this allows the efficiency of antigen 
presentation by antigen-present ing cells such as dendritic 
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cells to be analyzed in a more quantitative fashion. The 
epitope for one renal cell carcinoma specific T cell clone 
(TIL-26) has not yet been identified but these cytotoxic T 
lymphocytes (CTLs) utilize highly characteristic TCRs which 
can be identified and quantified in vitro with the method of 
real time RT-PCR based on the molecular sequence of the TCR 
CDR3 region. This enables the assessment of the functional 
priming capacity of the dendritic cells by identifying T 
cells through these characteristic TCR sequences. Combined, 
these two models can be used to demonstrate the specificity 
and the efficiency of this system for presenting tumor- 
associated peptides at the surface of the DCs and for 
activating specific T cell responses in vitro. These are 
essential experiments to establish proof of principle prior 
to development of a phase I/II clinical trial. 

Melanoma System 

The reagents for this model system were obtained from Prof. 
Peter Schrier of the University of Leiden. An HLA-A*0201- 
restricted CTL clone (Tyr F8) was isolated from a patient 
with advanced melanoma. An autologous melanoma tumor cell 
line from the patient was also established. The specific 
ligand, i.e. the peptide derived from a tumor-associated 
protein is known; it is derived from tyrosinase, an enzyme 
that is expressed at normal levels in healthy melanocytes but 
which is overexpressed in the melanoma. The MHC presenting 
molecule was identified to be encoded by the HLA-A*O201 
allele. The cDNA for tyrosinase is available; the exact nine 
amino acid peptide derived from the tyrosinase protein that 
is presented in the peptide binding groove of the HLA-A2 
molecule is known and the Tyr F8 T cell clone is available 
(10) . 
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The general outline of the experiment is first to prepare RNA 
from the melanoma line and then to prepare cDNA by reverse 
transcription. This cDNA is then amplified and used as a 
template to prepare in vitro transcribed RNA (cRNA) . The cRNA 
is used to pulse HLA-A2-positive dendritic cells (11, 12) . 
These dendritic cells will take up the cRNA, and then 
translate it into proteins, one protein of which should be 
the tyrosinase enzyme. The tyrosine protein is processed 
intracellularly in the dendritic cells into peptide fragments 
and the specific nine amino acid epitope is loaded onto newly 
synthesized HLA-A2 molecules in the endoplasmic reticulum of 
the dendritic cells. These MHC-peptide complexes are then 
transported to the plasma membrane of the dendritic cell 
where they can be recognized by T cells. Tyr F8 cells 
recognizing the appropriate MHC-peptide complex on the DC 
surface respond by secreting interf eron-gamma and activating 
the cytolytic mechanism, allowing them to kill the dendritic 
cell. This activation can be assessed by ELISA detection of 
interf eron-gamma secretion by the Tyr F8 clone or by using a 
standard chromium release assay, labeling the dendritic cells 
as target cells and measuring their lysis in the presence of 
Tyr F8 cells. The activation of the Tyr F8 cells is very 
specific so that MHC molecules carrying peptides derived from 
proteins other then tyrosinase can not activate the Tyr F8 
cells and a certain threshold of these specific MHC- 
tyrosinase peptide complexes must be presented by the DC in 
order to optimally stimulate the activity of the Tyr F8 
cells . 

To determine whether the original cRNA can provide the 
necessary starting material to allow the dendritic cell to 
fulfill all these steps, cRNA-pulsed dendritic cells are used 
as stimulating cells to activate the Tyr F8 cells. Because 
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the melanoma tumor cells yield a variety of different RNAs, 
transcripts for tyrosinase represent only one component of a 
much larger pool. The capacity of this mixed cRNA pool to 
provide the tyrosinase epitope can be compared to cRNA made 
from the isolated tyrosinase cDNA (i.e. only one RNA 
species) . A relative assessment of the level of HLA-A2- 
tyrosinase-peptide complexes can be determined by pulsing 
dendritic cells with varying amounts of test cRNA and 
comparing their stimulatory capacity with dendritic cells 
that have been pulsed with varying known amounts of synthetic 
peptide, representing the nine amino acid epitope of 
tyrosinase. The threshold level at which the Tyr F8 cells can 
no longer detect the correct MHC-peptide complex can be 
determined by assessing the amount of inter feron-gamma 
released by Tyr F8 cells using a specific ELISA assay. 

Renal cell carcinoma system 

These reagents have been established by the inventors. We 
have isolated a CTL line specific for renal cell carcinoma 
from a renal cell carcinoma patient and T cell clones have 
been established from this T cell line (TIL-26) . Autologous 
tumor cells were also obtained from this patient (RCC-26) . 
The MHC restriction molecule presenting a tumor-associated 
peptide displayed by RCC-26 cells has been identified as the 
HLA-A*O201-encoded molecule. When the TIL-2 6 cells were 
exposed to the autologous RCC-2 6 tumor cells they were 
activated to secrete inter feron-gamma and they were able to 
lyse the autologous RCC-26 tumor cells (13) . 

The general outline of the experiment is similar to that 
described for the melanoma system. In the first step, RNA 
will be made from RCC-26 cells and cDNA will be prepared by 
reverse transcription. This serves as the template to 
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generate cRNA by in vitro transcription. The cRNA is used to 
pulse the dendritic cells and these dendritic cells are 
assessed for their capacity to activate the TIL-26 cells to 
secrete inter f eron-gamma . The dendritic cells are also 
assessed as target cells following pulsing with cRNA derived 
from RCC-26 cells in cytotoxicity assays using activated TIL- 
26 cells. The efficiency of stimulation of the dendritic 
cells can be compared with that of the RCC-26 cells, in 
assays measuring inter f eron-gamma secretion by the TIL-26 
cells and as target cells in cytotoxicity assays. 

These two sets of experiments clearly demonstrate that the 
procedure for generating MHC-peptide complexes using cRNA- 
pulsed allogeneic (HLA-A*0201) dendritic cells is functional. 

Induction of T cell responses by cRNA-pulsed allogeneic 
dendritic cells: 

To assess the capacity of the cRNA-pulsed dendritic cells to 
prime allogeneic T cells in vitro two experiments are 
performed in vitro. First, it was shown that naive T cells 
from donor DS (DS = anonymous donor) can be primed in vitro 
with RCC-26 tumor cells to recognize an epitope that is 
apparently the same as that seen by TIL-26 (14) . Like TIL-26 
cells, the T cells from donor DS express TCRa chains that are 
highly homologous to those expressed by TIL-26 cells (15) . 
The TCR sequence of these T cells can be quantified by 
isolating RNA from a test sample and using TCR-specific 
primers to analyze the amount of transcripts in the samples 
using the method of real time RT-PCR (14) . First, allogeneic 
HLA-A*0201-positive dendritic cells pulsed with cRNA (RCC-26- 
derived) are used as stimulating cells in mixed lymphocyte 
cultures using peripheral blood lymphocytes ( PBL) of donor DS 
as responding cells. The emergence of the marker (Va20) T 
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cells recognizing the same epitope seen by TIL-26 cells is 
monitored by looking for increases in transcripts with 
characteristic Va20 sequences. A quantitative assessment can 
be made using real time RT-PCR comparing the frequency of 
such transcripts in the unstimulated PBLs and following 
stimulation with the cRNA-pulsed dendritic cells in vitro 
after various rounds of restimulat ion . Autologous dendritic 
cells derived from donor DS pulsed with cRNA (RCC-2 6-derived) 
are used as target cells and compared directly to RCC-26 
tumor cells using, as cytotoxic effector cells, the PBLs 
primed with cRNA-pulsed dendritic cells versus PBLs primed 
with intact RCC-26 tumor cells. 

As a second test system, T cells from an HLA-A*O201 donor are 
stimulated with cRNA-pulsed (melanoma-derived) dendritic 
cells which are derived from a donor expressing HLA-A*0201 in 
mixed lymphocyte-dendritic cell cultures. The development of 
T cells recognizing the tyrosine-specif ic ligand is assessed 
by standard flow cytometry using HLA-A2-tyrosinase peptide- 
specific tetramers (7). 

Pulsing of dendritic cells with mixed cRNA samples: 

It is currently assumend that immune responses generated 
against multiple epitopes will provide the best possibility 
to eliminate tumor cells and to protect against tumor 
relapse. This is based on observations that CTLs primed in 
vivo against individual MHC-peptide ligands have led to the 
generation of CTLs specific for the MHC-peptide ligand and, 
in some instances, to tumor regression. But tumor variants 
may emerge that no longer express the MHC molecules or no 
longer express the protein from which the specific peptide is 
derived. If CTLs of many different MHC-peptide ligand 
specificities are generated then it may be less feasible for 



tumor variants to emerge because individual tumor cells would 
need to express different mutations in all MHC molecules and 
proteins providing peptides, in order to escape detection by 
CTLs with many different specificities. 

Therefore, it ise optimal to pool cRNA from several tumor 
cell lines in order to provide many different tumor- 
associated peptides for immune attack. Similarly, it is also 
better to have several different MHC molecules shared by the 
responding T cells and the stimulating dendritic cells. This 
is achieved according to the strategy described herein by 
using HLA-haploident ical dendritic cells derived from family 
members of the donor of the T cells, as described below. 
However, it must be ensured that by pooling cRNA from 
different tumors the required density of MHC-peptide ligands 
characteristic for specific epitopes of one tumor cell line 
is still retained. This can be addressed experimentally by 
combining cRNA from the melanoma line with cRNA from the RCC- 
26 line. This pooled cRNA is then used to pulse allogeneic 
(HLA-A*0201-positive) dendritic cells and to assess whether 
these dendritic cells are still capable of activating both 
the melanoma-specific CTL clone, namely Tyr F8, and the RCC- 
specific clone, namely TIL-26. If this experiment shows that 
pooled cRNA (mixed at a ratio of 1:1 from the two tumor 
cRNAs) functions to activate both T cell clones, then 
variations in the ratio of the two cRNAs can be used to 
determine the degree to which a single cRNA sample can be 
diluted and still functions in DC processing and 
presentation, respectively. On the basis of pooled cRNA from 
several different tumor lines (for example, three RCC lines) 
a vaccine will then be generated and additional cRNAs will be 
added to this pool which have been derived from known genes 
expressed in various renal cell carcinomas that are also 
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potential target molecules for specific CTLs . These could 
include HER2/neu, MUC1, PSMA, WT-1, telomerase and several 
other candidates (9) . The influence of the addition of these 
individual cRNA species can be assessed by adding them to the 
cRN A of RCC-26 and testing the pulsed dendritic cells for 
their ability to activate TIL-26 cells. 

Comparison of autologous versus HLA-haploidentical dendritic 
cells as antigen-presenting cells: 

The experiments described above were designed to establish 
the use of cRNA-pulsed allogeneic dendritic cells obtained 
from unrelated donors that share only HLA-A* 02 01 -encoded 
molecules with the responding T cells. The next step is then 
to demonstrate that HLA-haploidentical dendritic cells can 
prime T cells against tumor-associated epitopes transferred 
into the dendritic cells by cRNA. This strategy is chosen 
because HLA-haploidentical DCs share three class I alleles 
(HLA-A, B, and C) and three class II alleles (HLA-DR, -DQ and 
-DP) with the T cells. The different class I molecules can 
each bind a unique set of peptides and prime different CD8 + 
CTLs, and the three class II-encoded molecules also each bind 
different sets of peptides that are distinct from those of 
the class I molecules. These class II-peptide ligands 
activate another type of T lymphocyte, the CD4 cells, which 
can provide cytokines that support the optimal development of 
an immune response or function directly as effector cells 
(11) . 

The experiments analyzing the role of HLA-haploidentical 
dendritic cells will be done by comparing autologous 
dendritic cells prepared from a normal control donor (donor 
#1) and HLA-haploidentical dendritic cells prepared from a 
selected HLA-typed family member (donor #2) (i.e. a parent or 



sibling is selected to have one HLA haplotype in common with 
donor 1 and the second HLA-haplotype is mismatched; see Fig. 
2) . DCs prepared from both donors will be pulsed with the 
cRNA of RCC-26 or the melanoma line. The resulting DCs will 
first be tested for their capacity to stimulate interferon- 
gamma secretion from Tyr F8 and TIL-26 cells, as described 
above. In the next step, PBLs from donor #1 will be 
stimulated in vitro with cRNA-pulsed autologous dendritic 
cells or the HLA-haploidentical dendritic cells of donor 2. 
Following two or more rounds of restimulation, the presence 
of T cells recognizing epitopes presented by different MHC 
molecules (both class I and class II) will be assessed by 
measuring their inter feron-gamma secretion following 
stimulation with cRNA-pulsed autologous dendritic cells in 
the absence and presence of specific monoclonal antibodies. 
The MHC class I-specific monoclonal antibodies (W6/32) will 
block interactions of CD8+ CTLs with the dendritic cells. 
Decreased inter feron-gamma secretion in the presence of 
monoclonal antibodies specific for HLA-A, -B or -C molecules 
will demonstrate the degree to which CTLs seeing their 
peptides in association with different class I molecules are 
present. The presence of class II-restricted CD4+ cells can 
be elucidated by the same approach but instead using class 
II-specific monoclonal antibodies, reacting with HLA-DR, -DQ 
and -DP molecules (17) . 

The generation of cRNA according to the invention will be 
illustrated by the following flow chart: 
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Flow Chart for Preparation of cRNA 

1) Grow tumor cell lines in vitro (for example melanoma 
line 9304. A 12 and the renal cell carcinoma line, RCC- 
26) 

2) Extract RNA from the tumor cell lines (for example using 
Quigen "RNAEasy" Kit #75412) 

3) Make first strand cDNA synthesis (for example using 
Clontech "Smart PCR" cDNA synthesis kit #K1 052) 

4) Perform cDNA amplification (for example using Clontech 
"Smart PCR" cDNA synthesis kit #K1052) 

5) Perform in vitro transcription of cDNA (for example 
using Ambion "mMessage-mMachine" kit #1344) 

6) Purify cRNA (for example using Quigen "RNAEasy" kit 
#75142) 

7) Test integrity of cRNA (for example using Perkin Elmer 
"One Step RT/PCR" kit #P/N4308206) 



- 21 - 



References : 

1. Childs, R.W. Chemoff, A. , Contentin, N., Bahceci, E., 
Schrump, D., Leitman, S., Read, E.J., Tisdale, J . , 
Dunbar, C, Linehan, W.M., Young, N.S. and Barrett, A.J. 
2000. Regression of metastiatic renal-cell carcinoma 
after nonmyeloablative allogeneic peripheral-blood stem- 
cell transplanation. N. Engl. J. Med. 14:750-758. 

2. Kolb, H.-J., Schattenberg . , A., Goldman, J.M., 
Hertenstein, B., Jacobsen, N., Arcese, W., Ljungman, P., 
Ferrant, A., Verdonck, L . , Niederwieder , D., van Rhee, 

F . , Mittermuller, J., de Witte, T . , Holler, E. and 
Ansara, H. for the European Group for Blood and Marrow 
Transplantation Working Party Chronic Leukemia. 1995. 
Graf t-versus-leukemia effect of Spender lymphocyte 
transfusions in marrow grafted patients. Blood 86: 2041- 
2050. 

3. Kugler A., Stuhler, G., Walden, P., Zoller, G., 
Zobywalski, A., Brossart, P., Trefzer, U., Ullrich, S., 
Muller, C.A., Becker, V., Gross, A.J., Hemmerlein, B., 
Kanz, L., Muller, G.A., and Ringert, R.-H. 2000. 
Regression of human metastatic renal cell carcinoma 
after vaccination with tumor cell-dendritic cell 
hybrids. Nature Med. 6: 332-336. 

4. Kufe, D. 2000. Smallpox, polio and now a cancer vaccine? 
Nature Med. 6: 252-253. 

5. Boczkowski, D., Nair, s.K., Nam, J.H., Lyerly, H.K. and 
Golboa, E. 2000. Induction of tumor immunity and 
cytotoxic T lymphocyte responses using dendritic cells 
transfected with messenger RNA amplified from tumor 
cells. Cancer Res. 60: 1028-1034. 

6. Heiser, A. , Dahm, P., Yancey, D., Maurice, M.A., 
Boczkowski, D., Nair, S.K., Gilboa, E. and Vieweg, J. 



- 22 - 



2000. Human dendritic cells transfected with RNA 
encoding prostate-specific antigen stimulate prostate- 
specific CTL responses in vitro. J. Immunol. 164: 5508- 
5014. 

7. Nair, S.K., Boczkowski, D., Morse, M. , Cumming, R.I., 
Lyerly, H.K. and Gilboa, E. 1998. Induction of primary 
carcinoembryonic antigen (CEA) -specif ic cytotoxic T 
lymphocytes in vitro using human dendritic cells 
transfected with RNA. Nat. Biotechnol 16: 364-369. 

8. Nair, SK. Hull, S., Coleman, D., Gilboa, E., Lyerly, 
H.K. and Morse, M.A. 1999. Induction of carcinoembryonic 
antigen (CEA) -specif ic cytotoxic T -lymphocyte responses 
in vitro using autologous dendritic cells loaded with 
CEA peptide or CEA RNA in patients with metastatic 
malignancies expressing CEA. Int. J. Cancer 82: 121-124. 

9. Dannull, J., Cemy, T., Ackermann, D.K. and Groettrup, M. 
2000. Current status of dendritic cell-based tumor 
vaccination. Onkologie 23:544-551. 

10. Visseren, M.J., van Elsas, A., van der Voort. E.I.H., 
Ressing, M.E., Ktist. W.M., Schrier, P .1. and C.J .M. 
Melief. 1995. CTL specific for the tyrosinase 
autoantigen can be induced from healthy Spender blood to 
lyse melanoma cells. J. Immunol. 154:3991-3998. 

11. Su, Z., Peluso. M.V., Raffegerst, S.H., Schendel, D.J., 
and M.A. Roskrow. 2001. LMP2a-specif ic cytotoxic T 
lymphocytes for the treatment of patients with relapsed 
EBV-positive Hodgkin disease. Eur. J. Immunol. 31: 947- 
958. 

12. Su, Z., Peluso, M.V., Raffergerst, S.U., Schendel, D.J., 
and Roskrow, M. Antigen presenting cells transfected 
with LMP2a RNA induce CD4 + LMP2a-specif ic cytotoxic T 
lymphocytes which kill via a Fas-independent mechanism 
(submitted) . 



Schendel, D.J., Gansbacher. B , Obemeder, R., Kriegmair, 
M., Hofstetter, A., Riethmuller, G., and O.G. Segurado. 
1993. Tumor-specific lysis of human renal cell 
carcinomas by tumor-infiltrating lymphocytes. 1. HLA-A2 
restricted lysis of autologous and allogeneic tumor 
lines. J. Immunol, 151: 4209-4220. 

Schendel, D.J., Frankenberger , B., Jantzer, P , Cayeux, 
S., Noflner, E., Willimsky, G., Maget, B., Pohla, H., and 
Th. Blankenstein. 2000. Expression of B7.1 (CD80) in a 
renal cell carcinoma line allows expansion of tumor- 
associated cytotoxic T lymphocytes in the presence of an 
alloresponse. Gene Therapy 7: 2007-2014. 
Jantzer, P. and D.J. Schendel. 1998. Human renal cell 
carcinoma antigen-specific cytotoxic T lymphocytes: 
antigen-driven selection and long-term persistence in 
vivo. Cancer Res. 58: 3078-3086. 

Altman, J.D., Moss, P. A., Goulder, P.J., Barouch, D.H., 
McHeyzer-Willliams, M.G., Bell, J. 1., McMichael, A. J., 
and Davis, M.M. 1996. Phenotypic analysis of antigen- 
specific T Lymphocytes. Science 274: 94-96. 
Gong, J., Nikrui, N . , Chen, D., Koido, S., Wu, Z., 
Tanaka, Y., Cannistra, S., Avigan, D. and Kufe, D. 2000. 
Fusions of human ovarian carcinoma cells with autologous 
or allogeneic dendritic cells induce antitumor immunity. 
J. Immunol. 165: 1705-1711. 



